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S P E C I F I C A T I O N  

Eye  d r o p   f o r m u l a t i o n   u s e f u l   f o r   t r e a t i n g  

l e s i o n s   of   c o r n e a l   e p i t h e l i u m  

( F i e l d   of   I n d u s t r i a l   A p p l i c a t i o n ]  

T h i s   i n v e n t i o n   r e l a t e s   to  an  eye  d r o p   f o r m u l a t i o n  

w h i c h   may  e f f e c t i v e l y   be  u s e d   f o r   c u r i n g   i n j u r i e s   of   c o r n e a l  

e p i t h e l i u m   and  p a r t i c u l a r l y   i s   c o n c e r n e d   w i t h   an  eye  d r o p  

f o r m u l a t i o n   u s e f u l   f o r   t r e a t i n g   l e s i o n s   of   c o r n e a l  

e p i t h e l i u m   w i t h o u t   c a u s i n g   a d v e r s e   r e a c t i o n s   in  t h e   c o u r s e  

of   h e a l i n g   s a i d   l e s i o n s .  

( P r i o r   Ar t   and  P r o b l e m   to  be  S o l v e d )  

In  r e c e n t   y e a r s   new  eye  d r o p s   s u c h   as  o n e  

c o n t a i n i n g   a  s t e r o i d   or   an  a n t i b i o t i c   h a v e   s u c c e s s i v e l y   b e e n  

d e v e l o p e d .   T h e s e   eye  d r o p s ,   h o w e v e r ,   a r e   o f t e n   a p p l i e d   to  a  

p a t i e n t ' s   e y e s   a t   a  h i g h   c o n c e n t r a t i o n   in  o r d e r   to  p e n e t r a t e  

i n t o   eye  t i s s u e s .   C o n s e q u e n t l y ,   a p p l i c a t i o n   of   some  of  t h e  

eye  d r o p s   to  a  p a t i e n t ' s   e y e s   p r o d u c e   a d v e r s e   r e a c t i o n s   s u c h  

as  d e l a y   in  h e a l i n g   or   r e g e n e r a t i o n   of  a b n o r m a l   e p i t h e l i a  

c e l l s   in  t h e   d e f e c t i v e   r e g i o n .  

On  t h e   o t h e r   h a n d ,   f i b r o n e c t i n   w h i c h   i s   a  

g l y c o p r o t e i n   p r e s e n t   in  p l a s m a   and  c e l l   s u r f a c e   no t   o n l y  

p r o m o t e   g r o w t h   of  t h e   c o r n e a l   e p i t h e l i u m   c e l l s   b u t   a l s o  

e n h a n c e   a d h e s i o n   of  t h e   same  and  a r e   c o n s i d e r e d   to  b e  

c u r a t i v e   f o r   l e s i o n s   of  t h e   c o r n e a l   e p i t h e l i u m .   Some  c a s e s  
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r e p o r t e d   w h e r e   f i b r o n e c t i n   was  a p p l i e d   in  t h e   t r e a t m e n t   f o r  

i n t r a c t a b l e   l e s i o n s   of  t h e   c o r n e a l   e p i t h e l i u m .  

F i b r o n e c t i n   i s ,   h o w e v e r ,   u n s t a b l e   to   h e a t ,   and  a r e  

d i f f i c u l t   to  be  s t e r i l i z e d   by  a u t o c l a v i n g .   I t   i s   a l s o  

5  r e p o r t e d   t h a t   t h e   e f f i c a c y   of  f i b r o n e c t i n   i s   q u e s t i o n a b l e .  

As  a  r e s u l t   of  e x t e n s i v e   s t u d i e s   to   d e v e l o p   e y e  

d r o p   f o r m u l a t i o n s   f o r   t h e   e f f e c t i v e   use   in  t r e a t i n g   l e s i o n s  

of  t h e   c o r n e a l   e p i t h e l i u m   w i t h o u t   t h e   a b o v e - m e n t i o n e d  

a d v e r s e   r e a c t i o n s   ,  t h e   p r e s e n t   i n v e n t o r   has   f o u n d   t h a t  

10  V i t r o n e c t i n   w h i c h   i s   g l y c o p r o t e i n   h a v i n g   c e l l   a d h e s i o n -  

e n h a n c i n g   a c t i v i t i e s   s i m i l a r   to  t h o s e   of  f i b r o n e c t i n   c a n  

e x h i b i t   v e r y   h i g h   c u r a t i v e n e s s   f o r   i n j u r i e s   of   t h e   c o r n e a l  

e p i t h e l i u m   w i t h   no  a d v e r s e   r e a c t i o n .   T h i s   i n v e n t i o n   h a s  

b e e n   c o m p l e t e d   on  t h e   b a s i s   of  t he   a b o v e   f i n d i n g .   An  o b j e c t  

15  of  t he   i n v e n t i o n   i s   to  p r o v i d e   an  eye  d r o p   f o r m u l a t i o n  

s u i t a b l y   u s e d   f o r   t h e   c u r e   of   l e s i o n s   of  t h e   c o r o n e a l  

e p i t h e l i u m   w i t h o u t   a d v e r s e   r e a c t i o n .  

(Means   f o r   S o l v i n g   t h e   P r o b l e m )  

T h i s   i n v e n t i o n   i s   d i r e c t e d   to  an  eye  d r o p  

20  f o r m u l a t i o n   c o n t a i n i n g   V i t r o n e c t i n   f o r   t h e   t r e a t m e n t   o f  

i n j u r i e s   of  t he   c o r n e a l   e p i t h e l i u m .  

L e s i o n s   of  t he   c o r n e a l   e p i t h e l i u m   to  w h i c h   t he   e y e  

d r o p   f o r m u l a t i o n   of   t h e   i n v e n t i o n   i s   a p p l i c a b l e   mean  w o u n d  

and  e r o s i o n   f o r m e d   on  c o r o n e a l   e p i t h e l i u m   w h i c h   i n c l u d e ,   f o r  

25  e x a m p l e ,   wound  and  e r o s i o n   c a u s e d   by  m i s u s e   of  c o n t a c t   l e n s  

or   wound  and  e r o s i o n   o c c u r r i n g   in  s o - c a l l e d   d ry   eye  p a t i e n t s  
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who  s u f f e r   f rom  d i f f i c u l t y   in  m o i s t i n g   e y e s .  

V i t r o n e c t i n   i s   a  g l y c o p r o t e i n   p r e s e n t   in   b l o o d   o f  

a n i m a l s   and  p l a y   an  i m p o r t a n t   r o l e   in  c e l l   a d h e s i o n ,   b l o o d  

c o a g u l a t i o n ,   i m m u n o l o g i c a l   c o m p l e m e n t ,   c a n c e r   m e t a s t a s i s ,  

5  and  e t c .   E f f e c t i v e n e s s   of   V i t r o n e c t i n   as  a  m e d i c a m e n t   h a s  

h e r e t o f o r e   b e e n   n o t   known  a t   a l l .  

V i t r o n e c t i n   u s e d   in  t h e   i n v e n t i o n   i s   c o l l e c t e d  

f rom  human  b l o o d   and  p u r i f i e d .   A  p r e f e r r e d   m e t h o d   o f  

c o l l e c t i n g   and  p u r i f y i n g   V i t r o n e c t i n   f rom  human  b l o o d   h a s  

IQ  a l r e a d y   b e e n   p r o p o s e d   by  t h e   p r e s e n t   i n v e n t o r   w h e r e i n  

V i t r o n e c t i n   p r e s e n t   in   o r g a n i s m s ,   f o r   e x a m p l e ,   in  p l a s m a   i s  

p u r i f i e d   by  s p e c i f i c a l l y   b i n d i n g   i t   to  a  g l y c o s a m i n o g l y c a n -  

f i x e d   c a r r i e r   in  t h e   p r e s e n c e   of  u r e a   ( s e e   J a p a n e s e   P a t e n t  

A p p l i c a t i o n   No.  1 2 5 9 9 0 / 1 9 8 8 ) .   U n l i k e   t h e   f i b r o n e c t i n ,   t h e  

15  g l y c o p r o t e i n ,   as  d e s c r i b e d   a b o v e ,   t he   c o l l e c t e d   and  p u r i f i e d  

V i t r o n e c t i n   i s   h e a t   r e s i s t a n t   and  may  be  s t e r i l i z e d   b y  

a u t o c l a v i n g   to  k i l l   p o s s i b l y   c o e x i s t i n g   h e p a t i t i s   v i r u s e s  

and  o t h e r s . .   I t   i s   t h e r e f o r e   p r e f e r a b l e   to  use   t h e  

V i t r o n e c t i n   s t e r i l i z e d   by  a u t o c l a v i n g .   The  s t e r i l i z a t i o n   i s  

20  c a r r i e d   o u t   p r e f e r a b l y   u n d e r   c o n d i t i o n s   as  s p e c i f i e d   i n  

J a p a n e s e   P h a r m a c o p e i a ,   f o r   e x a m p l e ,   a t   115°C  f o r   30  min  .  ,  a t  

121°C  f o r   20  min .   or   a t   126°C  f o r   15  m i n .  

In  p r e p a r i n g   an  eye  d r o p   f o r m u l a t i o n ,   t h e  

V i t r o n e c t i n   t h u s   o b t a i n e d   i s   d u l u t e d   by  a d d i t i o n   of  a  

25  p h y s i o l o g i c a l   s a l i n e   s o l u t i o n   or   a  b u f f e r   s o l u t i o n   to  a  

c o n c e n t r a t i o n   of  0 .1   u g / m l   -  500  u g / m l ,   p r e f e r a b l y   10  u g / m l  
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-  200  u g / m l .   At  c o n c e n t r a t i o n s   b e l o w   0 .1   u g / m l   t h e   e f f i c a c y  

w i l l   no t   s u f f i c i e n t l y   be  h i g h ,   and  a t   c o n c e n t r a t i o n s   h i g h e r  

t h a n   500  u g / m l   i t   w i l l   n o t   s i g n i f i c a n t l y   be  s u p e r i o r .   T h e  

eye  d r o p   d o s a g e   i s   s a t i s f a c t o r i l y   one  d r o p   ( a b o u t   50  u l )   p e r  

5  d o s e ,   s e v e r a l   t i m e s   a  d a y .  

An  e x p e r i m e n t a l   e x a m p l e   of  t h e   c u r a t i v e   e f f e c t   o f  

V i t r o n e c t i n   on  l e s i o n s   of  t h e   c o r o n e a l   e p i t h e l i u m   in  12 

w h i t e   r a b b i t s   w i l l   be  shown  b e l o w .  

E x p e r i m e n t a l   m e t h o d :   A  , c i r u c u l a r   e p i t h a l a x i c  

10  l e s i o n   6 .5   mm  in  d i a m e t e r   was  f o r m e d   a t   t h e   c e n t e r   of  t h e  

c o r o n e a   in  e a c h   of  24  e y e s   of   12  w h i t e   r a b b i t s   .  I m m e d i a t e l y  

a f t e r   f o r m a t i o n   of  t h e   e p i t h a l a x i a   ,  V i t r o n e c t i n   was  a p p l i e d  

to  one  eye  and  a  p h y s i o l o g i c a l   s a l i n e   s o l u t i o n   to  t h e   o t h e r  

e y e .   The  b t r o n e c t i n   was  p r e p a r e d   in  t he   f o rm  of   an  eye  d r o p  

15  f o r m u l a t i o n   by  s t e r i l i z i n g   V i t r o n e c t i n   p u r i f i e d   f r o m   r a b b i t  

p l a s m a   by  a u t o c l a v i n g   at   121°C  f o r   20  min .   and  d i l u t i n g   t h e  

s t e r i l i z e d   V i t r o n e c t i n   w i t h   a  s t e r i l i z e d   p h y s i o l o g i c a l  

s a l i n e   s o l u t i o n   to  a  V i t r o n e c t i n   c o n c e n t r a t i o n   of  200  u g / m l .  

The  eye  d r o p s   were   a p p l i e d   to  t he   eye  e v e r y   h o u r   f o r   12 

20  h o u r s   and  s u b s e q u e n t l y   e v e r y   s i x   h o u r s   f o r   a  t o t a l   of  48 

h o u r s .   On  a p p l y i n g   t h e   eye  d r o p s   p h o t o g r a p h s   we re   t a k e n   t o  

m e a s u r e   r e m a i n i n g   a r e a   of  t h e   e p i t h a l a x i c   l e s i o n .  

The  r e s u l t s   a r e   shown  in  F i g .   1  in  w h i c h   t h e  

h o r i z o n t a l   a x i s   r e p r e s e n t s   h o u r s   f rom  t h e   i n i t i a t i o n   of  t h e  

25  eye  d r o p   a p p l i c a t i o n ,   and  t h e   v e r t i c a l   a x i s   p e r c e n t   c h a n g e  

of  t h e   l e s i o n a l   a r e a .  
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I t   was  i n d i c a t e d   by  t h e   a b o v e   r e s u l t s   t h a t   4 - 6  

h o u r s   a f t e r   f o r m a t i o n   of   t h e   e p i t h a l a x i c   l e s i o n   d e f e c t i v e  

a r e a   of  t h e   e p i t h e l i u m   was  s i g n i f i c a n t l y   s m a l l e r   in  t h e  

V i t r o n e c t   i n - t r e a t e d   e y e s   t h a n   in  t h e   p h y s i o l o g i c a l   s a l i n e  

5  s o l u t i o n - t r e a t e d   e y e s ,   or   t h a t   eye  d r o p   a p p l i c a t i o n   o f  

V i t r o n e c t i n   i s   e f f e c t i v e   in  t h e   e p i t h e l i a l   d e f e c t   m o d e l   o f  

t h e   r a b b i t   n o r m a l   c o r n e a   a t   t h e   e a r l y   c u r a t i v e   s t a g e   of  t h e  

l e s i o n .  

E x a m p l e s   of  c l i n i c a l   use   of   t h e   V i t r o n e c t i n   e y e  

10  d r o p   f o r m u l a t i o n   of  t h e   i n v e n t i o n   w i l l   be  g i v e n   b e l o w   t o  

d e s c r i b e   t h e   i n v e n t i o n   in  more   d e t a i l .  

E x a m p l e s   of   t h e   c l i n i c a l   u s e  

1.  H.  K.  ,  35  - y e a r - o l d   f e m a l e  

D i s e a s e :   R e c u r r e n t   e r o s i o n   of  t h e   c o r n e a l   e p i t h e l i u m  

15  The  p a t i e n t   was  s c r a t c h e d   a t   h e r   l e f t   eye  by  h e r  

c h i l d   on  J u n e   9,  1988 .   She  v i s i t e d   a  n e a r b y   p h y s i c i a n   b y  

whom  e r o s i o n   of  t h e   c o r n e a l   e p i t h e l i u m   was  p o i n t e d   o u t .   T h e  

e p i t h e l i u m   was  d e t a c h e d   o n c e   a  week  a f t e r   t e m p o r a r y   r e l e a f   . 

S a i d   p h y s i c i a n   p r e s c r i b e d   v i t a m i n   and  c h o n d r o i t i n   eye  d r o p s .  

20  An  eye   o i n t m e n t   was  a l s o   u s e d   a t   n i g h t .   H o w e v e r ,   s h e  

s u f f e r e d   f rom  r e p e a t e d   r e c u r r e n c e   and  on  S e p t e m b e r   5  s h e  

made  h e r   f i r s t   v i s i t   to  t h e   h o s p i t a l   a t t a c h e d   to  T s u k u b a  

U n i v e r s i t y .  

V i s u a l   a c u i t y ,   r i g h t   1 .0   ( n . c ) ,   l e f t   0 .6   ( n . c . )  

-5  S p o t t e d   i n f l a m m a t i o n   on  t h e   s u p e r f i c i a l   m e m b r a n e  

l o c a l i z e d   a t   t h e   l o w e r   r i g h t   p o r t i o n   of  t h e   l e f t   eye  w a s  
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o b s e r v e d .  

P r o g r e s s :   On  S e p t e m b e r   12,  p a t h o l o g i c a l   e p i t h e l i u m   w a s  

c u r e t t e d   due  to  r e c u r r e n c e   of   t h e   d e t a c h m e n t .  

S u b s e q u e n t l y   t h e   p a t i e n t   was  e x a m i n e d   w i t h   c o n s e r v a t i v e  

t r e a t m e n t   a p p l i e d .   R e g e n e r a t e d   e p i t h e l i u m   w a s  

p a t h o l o g i c a l .   On  S e p t e m b e r   14,  t he   p a t h o l o g i c a l  

e p i t h e l i u m   was  a g a i n   c u r e t t e d   f o l l o w e d   by  a p p l i c a t i o n   o f  

V i t r o n e c t i n   eye  d r o p s   (200  u g / m l ) .   A f t e r   t h e  

c u r e t t e m e n t ,   t he   p a t i e n t   was  i n s t r u c t e d   to  a p p l y   t h e  

V i t r o n e c t i n   eye  d r o p s   e v e r y   one  h o u r   and  eye  o i n t m e n t  

when  she  wen t   to  b e d .   Norma l   e p i t h e l i u m   was  r e g e n e r a t e d  

on  S e p t e m b e r   19,  and  t h e   v i s u a l   a c u i t y   of  t he   l e f t   e y e  

was  i m p r o v e d   to  1 .0   ( n . c ) .   No  r e c u r r e n c e   i s   o b s e r v e d  

u n t i l   now  ( O c t o b e r   2 5 ) .  

J u d g e m e n t   :  A p p l i c a t i o n   of  V i t r o n e c t i n   eye  d r o p s   w a s  

e f f e c t i v e   . 

2.  S.  I . ,   4 1 - y e a r - o l d   m a l e  

D i s e a s e :   D i a b e t i c   r e t i n a l   p o s t o p e r a t i v e   e r o s i o n   of  t h e  

c o r n e a l   e p i t h e l i u m  

The  p a t i e n t   was  d i a g n o s e d   d i a b e t e s   in  1 9 7 5 .  

I n s u l i n   has  b e e n   g i v e n   s i n c e   1977 .   The  l e f t   v i t r e u m   w a s  

b l e e d e d   in  1987 .   D u r i n g   1988  r e p e a t e d   b l e e d i n g   f rom  t h e  

v i t r e u m   s e r i o u s l y   d e c r e a s e d   h i s   v i s u a l   a c u i t y   and  he  p a i d  

t h e   f i r s t   v i s i t   to  t h e   h o s p i t a l   a t t a c h e d   to  T s u k u b a  

U n i v e r s i t y   . 

V i s u a l   a c u i t y ,   r i g h t   1 .2   ( n . c ) ,   l e f t   0 . 0 6   ( n . c . )  
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On  S e p t e m b e r   27,  1988  e x c i s i o n   and  c e r c l a g e   of   t h e   l e f t  

v i t r e u m   were   c a r r i e d   o u t .   E r o s i o n   of   t h e   c o r n e a l  

e p i t h e l i u m   was  d e v e l o p e d   a f t e r   t he   o p e r a t i o n .   T h e  

e r o s i o n   g r a d u a l l y   e x p a n d e d ,   and  on  O c t o b e r   17,  i t  

e x p a n d e d   o v e r   t h e   e n t i r e   a r e a .  

P r o g r e s s :   A p p l i c a t i o n   of   V i t r o n e c t i n   eye  d r o p s   ( 2 0 0  

y g / m l )   s t a r t e d   on  O c t o b e r   18.  In  a  week  a f t e r   s t a r t   o f  

t he   eye  d r o p   a p p l i c a t i o n   e p i t h e l i u m   was  r e g e n e r a t e d   o v e r  

the   e n t i r e   a r e a   of  t he   c o r n e a .   The  r e g e n e r a t e d  

e p i t h e l i u m   i s   s l i g h t l y   p a t h o l o g i c a l   a t   t h e   p r e s e n t  

( O c t o b e r   2 6 ) ,   p r o g r e s s   i s   u n d e r   o b s e r v a t i o n   w h i l e  

c o n t i n u i n g   t h e   eye  d r o p   a p p l i c a t i o n .  

J u d g e m e n t :   A p p l i c a t i o n   of   V i t r o n e c t i n   eye  d r o p s   w a s  

e f f e c t i v e   . 

( E f f e c t   of  t h e   I n v e n t i o n )  

As  d e s c r i b e d   a b o v e ,   use   of  V i t r o n e c t i n   as  an  e y e  

d rop   f o r m u l a t i o n   p r o d u c e s   e x c e l l e n t   t h e r a p e u t i c   e f f e c t s   u p o n  

i n j u r i e s   of  t h e   c o r n e a l   e p i t h e l i u m   w i t h o u t   a d v e r s e   r e a c t i o n ,  

e f f i c a c y   of  t h e   V i t r o n e c t i n   as  a  m e d i c a m e n t   h a v i n g   b e e n  

unknown  a t   a l l .  

( B r i e f   D e s c r i p t i o n   of  t he   D r a w i n g )  

F i g .   1  i s   a  g r a p h i c a l   p r e s e n t a t i o n   of  t h e   c u r e  

when  t h e   V i t r o n e c t i n   eye  d r o p   f o r m u l a t i o n   of   t h e   i n v e n t i o n  

was  a p p l i e d .  
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